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(57) ABSTRACT

A radiation image acquisition device includes: a radiation
source which emits radiation; a wavelength conversion mem-
ber of a flat plate shape which generates scintillation light
according to incidence of the radiation emitted from the
radiation source and transmitted by an object; first imaging
means which condenses and images the scintillation light
emitted from an entrance surface for the radiation in the
wavelength conversion member in a direction inclined with
respect to a direction of a normal to the entrance surface; and
second imaging means which condenses and images the scin-
tillation light emitted from a surface opposite to the entrance
surface in the wavelength conversion member in a direction
inclined with respect to a direction of a normal to the opposite
surface.
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1
RADIATION IMAGE ACQUISITION DEVICE

TECHNICAL FIELD

The present invention relates to a radiation image acquisi-
tion device.

BACKGROUND ART

There is the conventionally known apparatus for applying
X-rays emitted from an X-ray source and transmitted by an
imaging object, onto a scintillator of a flat plate shape, detect-
ing visible light (scintillation light) generated in the scintil-
lator, by solid-state photodetectors laid on both surfaces of the
scintillator, and superimposing image signals from the
respective solid-state photodetectors on each other to acquire
aradiation image, as described in Patent Literature 1 below. In
this apparatus, the photodetector elements are coupled to the
X-ray entrance surface and to the back surface behind it in the
scintillator and the visible light is detected by each of the
entrance-surface-side photodetector element and the back-
surface-side photodetector element, thereby increasing effi-
ciency of detection of the visible light.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. H07-27866

SUMMARY OF INVENTION
Technical Problem

The apparatus for detecting the scintillation light on the
both surfaces of the scintillator as described above can
acquire radiation images in different energy bands on the
entrance surface side and on the back surface side behind it, so
as to enable acquisition of so-called dual-energy images

In the foregoing conventional apparatus, however, the
radiation transmitted by the object passes through the
entrance-surface-side photodetector element to reach the
scintillator, and for this reason, radiation in a relatively low
energy band is absorbed by the entrance-surface-side photo-
detector element. For example, when the object is formed of
alightweight atom, the radiation transmitted by the object can
be absorbed by the entrance-surface-side photodetector ele-
ment. As described above, the conventional apparatus has the
problem that the radiation transmitted by the object is affected
by the entrance-surface-side photodetector element.

It is therefore an object of the present invention to provide
a radiation image acquisition device capable of acquiring
radiation images in different energy bands while reducing the
influence on the radiation transmitted by the object.

Solution to Problem

A radiation image acquisition device according to one
aspect of the present invention includes: a radiation source
which emits radiation; a wavelength conversion member of a
flat plate shape which generates scintillation light according
to incidence of the radiation emitted from the radiation source
and transmitted by an object; first imaging means which
condenses and images the scintillation light emitted from an
entrance surface for the radiation in the wavelength conver-
sion member in a direction inclined with respect to a direction
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of a normal to the entrance surface; and second imaging
means which condenses and images the scintillation light
emitted from a surface opposite to the entrance surface in the
wavelength conversion member in a direction inclined with
respect to a direction of a normal to the opposite surface.

In the radiation image acquisition device according to the
one aspect of the present invention, the first imaging means
and the second imaging means condense and image the
respective scintillation light beams emitted from the entrance
surface for the radiation and from the opposite surface behind
it in the wavelength conversion member. This realizes dual-
energy imaging to acquire radiation images in different
energy bands. In this connection, the first imaging means is
arranged at a position apart from the wavelength conversion
member, in order to condense the scintillation light emitted
from the entrance surface. Therefore, the radiation image
acquisition device can have the configuration wherein no
imaging means is interposed between the object and the
wavelength conversion member, thereby avoiding an incident
such that the imaging means affects the radiation transmitted
by the object. Accordingly, it is feasible to reduce the influ-
ence on the radiation transmitted by the object. Furthermore,
the scintillation light to be condensed by the first imaging
means is emitted in the direction inclined with respect to the
direction of the normal to the entrance surface and the scin-
tillation light to be condensed by the second imaging means is
emitted in the direction inclined with respect to the direction
of'the normal to the opposite surface; for this reason, the same
perspective is made in both of the radiation images taken by
the two imaging means. Therefore, it becomes easier to per-
form an operation such as a correction between the images on
the entrance surface side and on the opposite surface side.

The radiation image acquisition device may be configured
in a mode such that each of the first imaging means and the
second imaging means has: a condensing lens unit for con-
densing the scintillation light emitted from the wavelength
conversion member; and an imaging unit for imaging the
scintillation light thus condensed. In this case, the scintilla-
tion light is condensed with focus on each of the entrance
surface and the opposite surface of the wavelength conversion
member, which enables acquisition of bright radiation images
with good energy separation.

The radiation image acquisition device may be configured
in a mode such that the first imaging means and the second
imaging means are arranged in plane symmetry with respect
to the wavelength conversion member. In this case, the same
perspective is made in the radiation image taken by the first
imaging means and the radiation image taken by the second
imaging means. Therefore, the operation between the images
on the entrance surface side and on the opposite surface side
requires no operation to invert and correct an image, which
further facilitates the operation.

The radiation image acquisition device may be configured
in a mode such that an angle of inclination to the direction of
the normal to the entrance surface, of the scintillation light to
be condensed by the first imaging means is different from an
angle of inclination to the direction of the normal to the
opposite surface, of the scintillation light to be condensed by
the second imaging means and that the radiation image acqui-
sition device further includes: correction means for correct-
ing at least one of an image taken by the first imaging means
and an image taken by the second imaging means. In this case,
the radiation image taken by the first imaging means and the
radiation image taken by the second imaging means have
their respective perspectives different from each other. The
correction means herein corrects for the perspective of at least
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one of the images so as to match perspective levels of the two
images, thereby realizing high-accuracy dual-energy imag-
ing.

The radiation image acquisition device may be configured
in a mode such that the object is a semiconductor device and
that the radiation image acquisition device is applied to a
semiconductor failure inspection device an inspection target
of which is the semiconductor device. In this case, since the
radiation transmitted by the semiconductor device as the
inspection target is not cut by the imaging unit (imaging
device for acquisition of image), the inspection device can
detect a failure or the like of the semiconductor device with
high accuracy.

Advantageous Effect of Invention

The one aspect of the present invention enables the acqui-
sition of radiation images in different energy bands and the
reduction of the influence on the radiation transmitted by the
object.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a front view of the radiation image acquisition
device according to the first embodiment of the present inven-
tion.

FIG. 2 is an explanatory drawing for explaining a projec-
tion image in the radiation image acquisition device shown in
FIG. 1.

FIG. 3 is an explanatory drawing for explaining perspec-
tives of images in the radiation image acquisition device
shown in FIG. 1.

FIG. 4 is a front view Of the radiation image acquisition
device according to the second embodiment of the present
invention.

FIG. 5 is an explanatory drawing for explaining a perspec-
tive of a projection image in the radiation image acquisition
device shown in FIG. 4.

FIG. 6 is a front view of the radiation image acquisition
device according to the third embodiment of the present
invention.

FIG. 7 is an explanatory drawing for explaining perspec-
tives of images in the radiation image acquisition device
which is a modification example of the present invention.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
below in detail with reference to the drawings. Identical or
equivalent portions will be denoted by the same reference
signs in the description of the drawings, without redundant
description. It is noted that each drawing is prepared by way
of illustration only and is depicted so as to emphasize each
part as object of description in particular. For this reason, the
dimensional ratios of respective members in the drawings are
not always coincident with actual ones.

As shown in FIG. 1, the radiation image acquisition device
1 is a device for acquiring a radiation image of an object A,
e.g., an electronic component such as a semiconductor
device, or a foodstuft. The radiation image acquisition device
1 is provided with a radiation source 2 which emits radiation
such as white X-rays toward the object A, a wavelength con-
version plate 6 which generates scintillation light according
to incidence of the radiation transmitted by the object A after
emitted from the radiation source 2, a front observation pho-
todetector 3 which condenses and images the scintillation
light emitted from an entrance surface 6a for the radiation in
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the wavelength conversion plate 6, and a back observation
photodetector 4 which condenses and images the scintillation
light emitted from a back surface 65 being a surface opposite
to the entrance surface 6a. These radiation source 2, wave-
length conversion plate 6, front observation photodetector 3,
and back observation photodetector 4 are housed in a housing
not shown and fixed in the housing.

The wavelength conversion plate 6 is a wavelength conver-
sion member of'a flat plate shape, e.g., a scintillator of any one
of Gd,0,S:Tb, Gd,0,S:Pr, CsL:Tl, CdWO,, CaWO,,
Gd,Si045:Ce, Lu, ,Gd, (SiOs, Bi,Ge 0., Lu,Si04:Ce,
Y,Si0s, YAIO,:Ce, Y,0,S:Tb, YTaO,:Tm, and so on. The
thickness of the wavelength conversion plate 6 is set to an
appropriate value depending upon a radiation energy band
detected, in the range of several um to several mm.

The front observation photodetector 3 (which will be
referred to hereinafter as “front detector 3”) is an imaging
means of an indirect conversion method that photographs a
projection image (radiation transmission image) of the object
A projected on the wavelength conversion plate 6, from the
entrance surface 6a side of the wavelength conversion plate 6.
The front detector 3 is a detector of a lens coupling type
having a condensing lens unit 3a for condensing the scintil-
lation light emitted from the entrance surface 64 of the wave-
length conversion plate 6, and an imaging unit 36 for imaging
the scintillation light condensed by the condensing lens unit
3a. The condensing lens unit 3a condenses the scintillation
light in a front detector field 13. The imaging unit 35 to be
used herein is, for example, a CMOS sensor, a CCD sensor, or
the like.

The back observation photodetector 4 (which will be
referred to hereinafter as “back detector 4”) is an imaging
means of the indirect conversion method that photographs the
projection image (radiation transmission image) of the object
A projected on the wavelength conversion plate 6, from the
back surface 64 side of the wavelength conversion plate 6.
The back detector 4 is a detector of the lens coupling type
having a condensing lens unit 4a for condensing the scintil-
lation light emitted from the back surface 65 of the wave-
length conversion plate 6, and an imaging unit 45 for imaging
the scintillation light condensed by the condensing lens unit
4a, and thus it has the same configuration as the aforemen-
tioned front detector 3. The condensing lens unit 4a con-
denses the scintillation light in a back detector field 14. The
imaging unit 45 to be used herein is, for example, a CMOS
sensor, a CCD sensor, or the like.

Furthermore, the radiation image acquisition device 1 is
provided with a timing control unit 7 for controlling imaging
timing at the front detector 3 and at the back detector 4, an
image processing device 8 for receiving input image signals
from the front detector 3 and from the back detector 4 and
executing a predetermined processing procedure such as
image processing based on each of the input image signals,
and a display device 9 for receiving an input image signal
from the image processing device 8 and displaying a radiation
image. The timing control unit 7 and the image processing
device 8 are composed of a computer having a CPU (Central
Processing Unit), a ROM (Read Only Memory), a RAM
(Random Access Memory), input/output interfaces, and so
on. The display device 9 to be used herein is a well-known
display. The timing control unit 7 and the image processing
device 8 may be configured as a program executed by a single
computer or as respective units provided individually.

The below will describe the positional relationship among
the aforementioned radiation source 2, wavelength conver-
sion plate 6, front detector 3, and back detector 4. As shown in
FIG. 1, the radiation source 2 is arranged so that an optical
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axis X of the radiation coincides with a normal B to the
entrance surface 6a of the wavelength conversion plate 6.
Namely, the radiation source 2 faces the object A and the
entrance surface 6a and is arranged on the normal B to the
entrance surface 6a. The optical axis X of the radiation herein
is a straight line connecting a radiation emission point of the
radiation source 2 and an arbitrary point y on the entrance
surface 6a of the wavelength conversion plate 6. In the present
embodiment, the arbitrary point y is set to be a central point of
the entrance surface 6a and in this case, the radiation is
radiated with little relative unevenness. The normal B here is
a straight line extending normally to the entrance surface 6a
from an arbitrary point a on the entrance surface 6a. In the
present embodiment, the arbitrary point o is set to be the
central point of the entrance surface 6a and thus the optical
axis X of the radiation and the normal B coincide with each
other. It is a matter of course that the arbitrary point y and the
arbitrary point o do not have to be coincident with the central
point of the entrance surface 6a.

The front detector 3 is arranged so that an optical axis F of
the incorporated condensing lens unit 3¢ makes a predeter-
mined angle 6, with respect to the normal B to the entrance
surface 6a, so as to be able to image the scintillation light
emitted from the entrance surface 6a of the wavelength con-
version plate 6. Namely, the front detector 3 faces the
entrance surface 6a and is arranged at a position off the
normal B to the entrance surface 64. This condensing lens unit
3a focuses on the entrance surface 6a and condenses the
scintillation light emitted in a direction (inclined direction) at
the angle 0, to the normal B from the entrance surface 6a,
toward the imaging unit 354. This condensing lens unit 3a to be
used herein can be a shift lens or a tilt lens.

As described above, the front detector 3 is arranged off the
optical axis X of the radiation source 2. Namely, the front
detector 3 is arranged so as to be located apart from an
emission region of the radiation from the radiation source 2
(which is a region where a radiation beam 12 exists). This
arrangement prevents the front detector 3 from being exposed
to the radiation from the radiation source 2 and prevents a
direct conversion signal of radiation from being produced
inside the front detector 3 to generate noise.

The back detector 4 is arranged so that an optical axis G of
the incorporated condensing lens unit 4¢ makes a predeter-
mined angle 8, with respect to a normal C to the back surface
6b, so as to be able to image the scintillation light emitted
from the back surface 64 of the wavelength conversion plate
6. Namely, the back detector 4 faces the back surface 65 and
is arranged at a position off the normal C to the back surface
65. The normal C here is a straight line extending normally to
the back surface 65 from an arbitrary point § on the back
surface 6. Particularly, in the present embodiment, the arbi-
trary point 3 is set at a central point of the back surface 65, the
arbitrary point o on the entrance surface 6a and the arbitrary
point p on the back surface 65 are located on the same straight
line, and this straight line is coincident with the normal B and
the normal C. The condensing lens unit 4a focuses on the back
surface 65 and condenses the scintillation light emitted in a
direction (inclined direction) at the angle 6, to the direction of
the normal C from the back surface 65, toward the imaging
unit 4b.

It is noted herein that in the radiation image acquisition
device 1, the angle 8, and the angle 6, are set equal to each
other. The optical axis X of the radiation source 2, the optical
axis F ofthe front detector 3, and the optical axis G of the back
detector 4 are located on the same plane and, the optical axis
F of the front detector 3 and the optical axis G of the back
detector 4 are located on the same side with respect to the
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normals B, C. An optical path length from the entrance sur-
face 6a of the wavelength conversion plate 6 to the front
detector 3 can be set equal to an optical path length from the
back surface 65 of the wavelength conversion plate 6 to the
back detector 4. The front detector 3 and the back detector 4
can be arranged in plane symmetry with respect to the wave-
length conversion plate 6.

The following will describe the operation of the radiation
image acquisition device 1 having the above-described con-
figuration. First, the timing control unit 7 performs control to
make the front detector 3 and the back detector 4 simulta-
neously carry out their respective imaging operations. The
imaging of radiation transmission images of the object A in
different energy bands can be implemented based on the
imaging timing control by the timing control unit 7. In more
detail, the front detector 3 acquires the radiation transmission
image in a relatively low energy band and the back detector 4
the radiation transmission image in a relatively high energy
band. This operation realizes dual-energy imaging. It is noted
that the radiation image acquisition device 1 is configured to
allow control to make the imaging times of the front detector
3 and the back detector 4 different from each other. The device
may also be configured to control the front detector 3 and the
back detector 4 to different exposure times and/or different
numbers of photos taken thereby.

The functions of the front detector 3 and the back detector
4 will be specifically described in more detail. The front
detector 3 detects fluorescence (scintillation light) resulting
from conversion on the side relatively near the entrance sur-
face 6a. The detection of the fluorescence resulting from the
conversion on the entrance surface 6a side is characterized by
little blurring of fluorescence and high luminance of fluores-
cence. This is because the front observation can be less
affected by diffusion and self-absorption inside the wave-
length conversion plate 6. On the other hand, the back detec-
tor 4 detects fluorescence resulting from conversion on the
side relatively near the back surface 65 of the wavelength
conversion plate 6. In this case as well, the observation can be
less affected by diffusion and self-absorption inside the wave-
length conversion plate 6.

Next, the front detector 3 and the back detector 4 output
their respective image signals corresponding to the radiation
images on both of the front and back surfaces, to the image
processing device 8. When the image processing device 8
receives the respective input image signals from the front
detector 3 and from the back detector 4, the image processing
device 8 executes the predetermined processing such as an
inter-image operation, e.g., a differential operation or an addi-
tion operation, based on the input image signals, and outputs
an image signal after the image processing to the display
device 9. When the display device 9 receives the input image
signal after the image processing from the image processing
device 8, the display device 9 displays a radiation image
according to the input image signal after the image process-
ing.

FIG. 2(a) is a perspective view showing the positional
relationship among the radiation source 2, object A, and
wavelength conversion plate 6 in the radiation image acqui-
sition device 1, FIG. 2(b) a front view showing the positional
relationship among the radiation source 2, object A, and
wavelength conversion plate 6, and FIG. 2(¢) a plan view
showing a projection image D of the object A projected on the
wavelength conversion plate 6. FIG. 2 shows a situation in
which the object A is of a 3D shape, for easier understanding.
When the radiation source 2 is arranged on the normal Bto the
entrance surface 6a and the optical axis X of the radiation
coincides with the normal B to the entrance surface 6a as
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shown in FIG. 2(a), no perspective is made in the projection
image D onto the entrance surface 64, as shown in FIG. 2(c).

FIG. 3(a) is a plan view showing the projection image D
projected on the entrance surface 6a in the radiation image
acquisition device 1, FIG. 3(b) a perspective view showing
the positional relationship among the front detector 3, back
detector 4, and wavelength conversion plate 6, FIG. 3(¢) a
drawing showing a front-side image Pa acquired by the front
detector 3 and fed to the image processing device 8, and FIG.
3(d) a drawing showing a back-side image Pb acquired by the
back detector 4 and fed to the image processing device 8.

The below will describe a case where a part of the projec-
tion image D is a feature part d (a colored portion correspond-
ing to a side face of the object A, in the example of FIG. 3).
When the optical axis F of the front detector 3 and the optical
axis G of the back detector 4 make their respective angles 0,,
0, equal to each other with respect to the normals B, C as
shown in FIG. 3(b), the same perspective is made in the
front-side images Pa, Pb, as shown in FIG. 3(c), (d). Namely,
a front-side wavelength-conversion-plate image 20a, a front-
side object image Ha, and a front-side feature-part image ha
included in the front-side image Pa are approximately iden-
tical in position, size, and shape to a back-side wavelength-
conversion-plate image 205, a back-side object image Hb,
and a back-side feature-part image hb included in the back-
side image Pb. The front-side image Pa and the back-side
image Pb have the perspective such that the feature part d is
more reduced than the other portions, and directions of occur-
rence of the perspective about the object A are identical.
These are mutually inverted images.

In this case, the inter-image operation by the image pro-
cessing device 8 is carried out to match the images Pa, Pb on
both of the front and back surfaces, without execution of a
perspective correction of the front-side image Pa and the
back-side image Pb. Another available method is such that the
inter-image operation by the image processing device 8 is to
correct for the two perspectives of the front-side image Paand
the back-side image Pb to obtain a front-side image and a
back-side image without a perspective. In this case, correc-
tion amounts for the perspective of the front-side image Pa
and for the perspective of the back-side image Pb are equal.

In the radiation image acquisition device 1 of the present
embodiment described above, the front detector 3 and the
back detector 4 condense and image the respective scintilla-
tion light beams emitted from the entrance surface 6a and the
back surface 65 of the wavelength conversion plate 6, thereby
realizing the dual-energy imaging to acquire radiation images
in different energy bands. In this configuration, the front
detector 3 is arranged at the position apart from the wave-
length conversion plate 6, without any detector interposed
between the object A and the wavelength conversion plate 6.
This configuration permits the device to avoid the incident
that the imaging means affects the radiation transmitted by
the object A. Therefore, the influence on the radiation trans-
mitted by the object A is reduced and the radiation in a low
energy band is suitably detected. In other words, no shadow of
detector is cast on the radiation transmission images, so as to
suppress generation of noise component and cause no attenu-
ation of radiation due to the detector, thus suppressing reduc-
tion of signal components. As a result, it becomes feasible to
make a difference between the low energy band and the high
energy band in the dual-energy imaging larger and to exhibit
a high energy resolution, allowing achievement of higher
contrast. This advantage is prominently demonstrated, par-
ticularly, in the case where the object A is formed of silicon or
an atom lighter in weight than silicon. Namely, even if the
object A is formed of a lightweight atom, the radiation in the
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low energy band transmitted by the object A is converted into
scintillation light, without being absorbed or attenuated, and
this light is imaged by the front detector 3; therefore, the
radiation image in the low energy band can be acquired with
accuracy. Furthermore, the low-energy image and the high-
energy image can be simultaneously acquired by a single
imaging operation, so as to ensure simultaneity, reduce an
exposure dose, and avoid pixel shifts (misregistration). The
dual-energy imaging can be realized even by means of the
single wavelength conversion plate 6. In addition, since the
scintillation light to be condensed by the front detector 3 is
emitted in the direction at the angle 6, to the direction of the
normal B to the entrance surface 6a and the scintillation light
to be condensed by the back detector 4 is emitted in the
direction at the angle 8, to the direction of the normal C to the
back surface 64, the same perspective is made in the radiation
images Pa, Pb, which facilitates the operation between the
images on the entrance surface 6a side and on the back sur-
face 6b side. Furthermore, the entire device is constructed in
a more compact scale than the device is constructed with the
front detector 3 and the back detector 4 being arranged on the
normals B, C.

When white X-rays are used as the radiation, the low-
energy image and the high-energy image can also be simul-
taneously acquired by a single imaging operation of white
X-rays, so as to ensure simultaneity, reduce an exposure dose,
and avoid pixel shifts (misregistration).

As the condensing lens unit 3¢ and the condensing lens unit
4a condense the light with focus on each of the entrance
surface 6a and the back surface 65 of the wavelength conver-
sion plate 6, bright radiation images can be acquired with
good energy separation.

Since the front detector 3 and the back detector 4 are
arranged in plane symmetry with respect to the wavelength
conversion plate 6, the same perspective is made in the front-
side image Pa and the back-side image Pb and the directions
of occurrence of the perspective about the object A are also
identical. Therefore, the inter-image operation between the
front-side image Pa and the back-side image Pb requires no
operation to invert and correct an image, which further facili-
tates the operation.

FIG. 4 is a front view of the radiation image acquisition
device according to the second embodiment. The radiation
image acquisition device 1A shown in FIG. 4 is different from
the radiation image acquisition device 1 of the first embodi-
ment shown in FIG. 1 in that the radiation source 2 is arranged
so that the optical axis X of the radiation makes a predeter-
mined angle 6 with respect to the normal B to the entrance
surface 6a of the wavelength conversion plate 6. More spe-
cifically, the radiation source 2 is arranged so that the optical
axis X of the radiation and the optical axes F, G of the con-
densing lens units 3a, 4a are located on the same plane and on
the sides opposite to each other with respect to the normals B,
C. It is noted herein that the arbitrary pointy and the arbitrary
point . do not have to be the central point of the entrance
surface 6a and do not have to be the same point, either. FIG.
4 is depicted without illustration of the timing control unit 7,
image processing device 8, and display device 9. FIG. 6 is
also depicted similarly without illustration of these compo-
nents.

In the radiation image acquisition device 1A, the front
detector 3 is also arranged apart from the radiation emission
region from the radiation source 2 (the region where the
radiation beam 12 exists). This arrangement prevents the
front detector 3 from being exposed to the radiation from the
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radiation source 2 and thus prevents a direct conversion signal
of radiation from being produced inside the front detector 3 to
generate noise.

FIG. 5(a) is a perspective view showing the positional
relationship among the radiation source 2, object A, and
wavelength conversion plate 6 in the radiation image acqui-
sition device 1B, FIG. 5(b) a front view showing the posi-
tional relationship among the radiation source 2, object A,
and wavelength conversion plate 6, and FIG. 5(c) a plan view
showing a projection image E of'the object A projected on the
wavelength conversion plate 6. FIG. 5 shows a situation in
which the object A is of'a 3D shape, for easier understanding.
When the radiation source 2 is arranged at the position off the
normal B to the entrance surface 6a and the optical axis X of
the radiation makes the predetermined angle 6 with respect to
the normal B to the entrance surface 64 as shown in FIG. 5(a),
a perspective is made in the projection image E onto the
entrance surface 6a, as shown in FIG. 5(c). This perspective
of'the projection image E is corrected according to needs by
the image processing device 8. Although FIG. 5(a) shows that
the main body of the radiation source 2 is parallel to the
optical axis X, for convenience’ sake of explanation, the
orientation of arrangement of the radiation source 2 can be
optionally set according to the layout of the device.

The radiation image acquisition device 1A achieves the
same operational effect as the radiation image acquisition
device 1 does.

FIG. 6 is a front view of the radiation image acquisition
device according to the third embodiment. The radiation
image acquisition device 1B shown in FIG. 6 is different from
the radiation image acquisition device 1A of the second
embodiment shown in FIG. 4 in that the back detector 4 is not
arranged in plane symmetry to the front detector 3 with
respect to the wavelength conversion plate 6 and the optical
axis F and the optical axis G are located on the sides opposite
to each other with respect to the normals B, C. Namely, the
back detector 4 is arranged so that the optical axis G of the
condensing lens unit 4a and the optical axis X of the radiation
source 2 are located on the same side with respect to the
normals B, C.

In the radiation image acquisition device 1B, different
perspectives are made in the front-side image acquired by the
front detector 3 and in the back-side image acquired by the
back detector 4. Therefore, the inter-image operation by the
image processing device 8 is to correct for the perspectives of
the front-side image and the back-side image.

The radiation image acquisition device 1B reduces the
influence on the radiation transmitted by the object A and
suitably detects the radiation in the low energy band as the
radiation image acquisition devices 1 and 1A do.

The above described the embodiments of the present inven-
tion but the present invention is by no means intended to be
limited to the above embodiments. For example, the above
embodiments described the examples wherein the angle 0,
and the angle 6, were equal, but the angle 6, and the angle 6,
may be different from each other, as shown in FIG. 7(b). In
this case, as shown in FIG. 7(c), (d), amounts of perspectives
are different between the front-side image Pa and the back-
side image Pb, but the image processing device 8 functions as
a correction means to correct for at least one of the perspec-
tives of the front-side image Pa and the back-side image Pb so
as to match the perspective amounts of the two images,
thereby realizing high-accuracy dual-energy imaging. For
example, as shown in FIG. 7, the perspective amount of the
front-side image Pa taken by the front detector 3 with the
larger inclination angle is larger than that of the back-side
image Pb, and in this case, the front-side image Pa is corrected
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to obtain a front-side image matched with the back-side
image Pb. Another available method is such that the two
perspectives of the front-side image Pa and the back-side
image Pb are corrected to obtain a front-side image and a
back-side image without a perspective.

The radiation source 2, front detector 3, and back detector
4 do not always have to be limited to the configuration
wherein the optical axis X, the optical axis F, and the optical
axis G are arranged on the same plane, but they may also be
three-dimensionally arranged according to circumstances
around the axis along the directions of the normals B, C.

The above embodiments used the lens coupling type detec-
tors as detectors, but the condensing lens unit and the imaging
unit may be provided as separate members.

An effective application is such that the object A is a
semiconductor device and the radiation image acquisition
device of the above embodiment is applied to a semiconduc-
tor failure inspection device an inspection target of which is
the semiconductor device. In this case, the radiation transmit-
ted by the semiconductor device as the inspection target is not
cut by the imaging unit (imaging device for acquisition of
image) and thus a failure or the like of the semiconductor
device can be detected with accuracy.

INDUSTRIAL APPLICABILITY

The one aspect of the present invention enables the acqui-
sition of radiation images in different energy bands and the
reduction of the influence on the radiation transmitted by the
object.

REFERENCE SIGNS LIST

1, 1A, 1B radiation image acquisition devices; 2 radiation
source; 3 front observation photodetector (first imaging
means); 3a condensing lens unit; 35 imaging unit; 4 back
observation photodetector (second imaging means); 4a con-
densing lens unit; 45 imaging unit; 6 wavelength conversion
plate (wavelength conversion member); 6a entrance surface;
6bback surface (opposite surface); 8 image processing device
(correction means); A object; B normal to entrance surface; C
normal to back surface.

The invention claimed is:

1. A radiation image acquisition device comprising:

a radiation source configured to emit radiation;

a wavelength conversion member of a flat plate shape con-
figured to generate scintillation light according to inci-
dence of the radiation emitted from the radiation source
and transmitted by an object;

first imaging means configured to condense and image the
scintillation light emitted from an entrance surface for
the radiation in the wavelength conversion member in a
direction inclined with respect to a direction of a normal
to the entrance surface; and

second imaging means configured to condense and image
the scintillation light emitted from a surface opposite to
the entrance surface in the wavelength conversion mem-
ber in a direction inclined with respect to a direction of a
normal to the opposite surface,

wherein a condensing lens unit of the first imaging means
is configured to focus on the entrance surface and con-
dense the scintillation light emitted in the direction
inclined with respect to the normal to the entrance sur-
face from the entrance surface toward an imaging unit,
and

wherein a condensing lens unit of the second imaging
means is configured to focus on the opposite surface and
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condense the scintillation light emitted in the direction
inclined with respect to the normal to the opposite sur-
face from the opposite surface toward an imaging unit.

2. The radiation image acquisition device according to

claim 1,

wherein each of the first imaging means and the second
imaging means has:

a condensing lens unit configured to condense the scintil-
lation light emitted from the wavelength conversion
member; and

an imaging unit configured to image the scintillation light
thus condensed.

3. The radiation image acquisition device according to

claim 1,

wherein an angle of inclination with respect to the direction
of the normal to the entrance surface of the scintillation
light condensed by the first imaging means and an angle
of'inclination with respect to the direction of the normal
to the opposite surface of the scintillation light con-
densed by the second imaging means are equal to one
another.

4. The radiation image acquisition device according to

claim 3,

wherein the radiation source is arranged on the normal to
the entrance surface.

5. The radiation image acquisition device according to

claim 3,

wherein the radiation source is arranged so that an optical
axis of the radiation makes a predetermined angle with
respect to the normal to the entrance surface.

6. The radiation image acquisition device according to

claim 1,

wherein the first imaging means and the second imaging
means are arranged in plane symmetry with respect to
the wavelength conversion member.

7. The radiation image acquisition device according to

claim 6,

wherein the radiation source is arranged on the normal to
the entrance surface.

8. The radiation image acquisition device according to

claim 6,

wherein the radiation source is arranged so that an optical
axis of the radiation makes a predetermined angle with
respect to the normal to the entrance surface.

9. The radiation image acquisition device according to

claim 1,

wherein an optical axis of the condensing lens unit of the
first imaging means and an optical axis of the condens-
ing lens unit of the second imaging means are positioned
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on opposite sides from one another, with the normal to
the entrance surface and the normal to the opposite sur-
face as references.
10. The radiation image acquisition device according to
claim 9,
wherein the radiation source is arranged so that an optical
axis of the radiation makes a predetermined angle with
respect to the normal to the entrance surface.
11. The radiation image acquisition device according to
claim 1,
wherein an angle of inclination to the direction of the
normal to the entrance surface, of the scintillation light
to be condensed by the first imaging means is different
from an angle of inclination to the direction of the nor-
mal to the opposite surface, of the scintillation light to be
condensed by the second imaging means,
said radiation image acquisition device further comprising:
correction means configured to correct at least one of an
image taken by the first imaging means and an image
taken by the second imaging means.
12. The radiation image acquisition device according to
claim 1,
wherein the radiation source is arranged on the normal to
the entrance surface.
13. The radiation image acquisition device according to
claim 1,
wherein the radiation source is arranged so that an optical
axis of the radiation makes a predetermined angle with
respect to the normal to the entrance surface.
14. The radiation image acquisition device according to
claim 1,
wherein an optical path length from the entrance surface to
the first imaging means is equal to an optical path length
from the opposite surface to the second imaging means.
15. The radiation image acquisition device according to
claim 1,
wherein the first and second imaging means are configured
so as to perform imaging simultaneously.
16. The radiation image acquisition device according to
claim 1,
wherein the object is a semiconductor device,
said radiation image acquisition device being applied to a
semiconductor failure inspection device an inspection
target of which is the semiconductor device.
17. The radiation image acquisition device according to
claim 1,
wherein the object is an electronic component.
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